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(37) ABSTRACT

A leadless type semiconductor package includes a plate-like
mount, and at least one semiconductor chip mounted on the
plate-like mount such that a bottom surface of the semicon-
ductor chip 1s secured to the plate-like mount, and the
semiconductor chip has at least one electrode pad formed on
a top surface thereof. The package further includes at least
one flat electrode electrically connected to the electrode pad.,
and a molded resin enveloper for completely sealing and
encapsulating the semiconductor chip. The molded resin
enveloper further partially seals and encapsulates the flat
clectrode such that a part of the flat electrode 1s exposed as

an outer electrode pad on a top surface of the molded resin
enveloper.
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LEADLESS TYPE SEMICONDUCTOR
PACKAGE, AND PRODUCTION PROCESS
FOR MANUFACTURING SUCH LEADLESS

TYPE SEMICONDUCTOR PACKAGEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a leadless type semicon-
ductor package having no outer leads outwardly extending
from a periphery thereof, and a production process for
manufacturing such a leadless type semiconductor package.

2. Description of the Related Art

Conventionally, a semiconductor package includes an
1sland or plate-like mount, a semiconductor chip mounted on
the plate-like mount, a plurality of leads electrically con-
nected to the semiconductor chip, and a molded resin
enveloper sealing and encapsulating the plate-like mount,
the semiconductor chip, and the inner portions of the leads.
Thus, the outer portions of the leads outwardly and laterally
extend from sides of the molded resin enveloper, and the
conventional semiconductor package 1s mounted on a wiring
board such that the outer portions of the leads are electrically
contacted with and bonded to electrode pads formed on the
wiring board. Of course, this conventional semiconductor
package 1s undesirable 1n application to a mimature or
compact piece of electronic equipment in that the outwardly
and laterally extending outer portions of the leads result 1n
overall bulkiness of the semiconductor package.

JP-A-(HEI)11-150143 (Japanese Letters Patent No.
3074264) discloses a leadless type semiconductor package
more compactly arranged 1n comparison with the aforesaid
conventional semiconductor package. In particular, the lead-
less type semiconductor package includes an island or
plate-like mount, a semiconductor chip mounted on the
plate-like mount having electrode pads provided on a top
surface thereot, a molded resin enveloper sealing and encap-
sulating the semiconductor chip, and metal electrode pads
provided on a rear surface of the molded resin enveloper and
clectrically connected to the electrode pads of the semicon-
ductor chip through the intermediary of bonding wires.

The leadless type semiconductor package 1s mounted on
a wiring board such that the metal electrode pads of the
molded resin enveloper are electrically contacted with and
bonded to electrode pads formed on the wiring board.

The leadless type semiconductor package 1s more com-
pact 1n comparison with the first-mentioned conventional
semiconductor package because this semiconductor package
has no outer lead portions extending outwardly and laterally
from sides of the molded resin enveloper. Nevertheless, the
leadless type semiconductor package necessarily has a rela-
tively large thickness 1n that the bonding wires are used to
establish the electrical connection between the electrode
pads of the semiconductor chip and the metal electrode pads
of the resin molded enveloper. Namely, 1t 1s necessary to
provide a relatively high space for the laying of the bonding
wires, resulting 1n the large thickness of the leadless type
semiconductor package itself.

SUMMARY OF THE INVENTION

Theretfore, an object of the present invention 1s to provide
a leadless type semiconductor package which 1s arranged
such that a thickness of the package itself can be signifi-
cantly reduced.
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Another object of the present invention i1s to provide a
production process for manufacturing the above-mentioned
leadless type semiconductor package.

In accordance with a first aspect of the present invention,
there 1s provided a leadless type semiconductor package
comprising a plate-like mount, and at least one semicon-
ductor chip mounted on the plate-like mount such that a
bottom surface of the semiconductor chip 1s secured to the
plate-like mount, and the semiconductor chip has at least one
clectrode pad formed on a top surface thereol. The leadless
type semiconductor package further comprises at least one
flat electrode electrically connected to the electrode pad, and
a molded resin enveloper that completely seals and encap-
sulates the semiconductor chip, and that partially seals and
encapsulates the tlat electrode such that a part of the flat
clectrode 1s exposed as an outer electrode pad on a top
surface of the molded resin enveloper.

Preferably, the flat electrode 1s formed with a land portion,
which 1s exposed as the outer electrode pad on the top
surface of the molded resin enveloper.

The flat electrode may be produced by etching a flat
clectrode blank, having substantially the same configuration
as the flat electrode, such that the land portion 1s left on the
flat electrode blank.

The plate-like mount may be formed of a conductive
maternial. In this case, the semiconductor chip has an elec-
trode layer formed on the bottom surface thereof, and the
clectrode layer 1s electrically connected to the plate-like
mount. The plate-like mount may be at least partially
exposed from the molded resin enveloper to thereby provide
an outer electrode surface.

Preferably, the plate-like mount 1s formed with a land
portion, which 1s exposed on the bottom surface of the
molded resin enveloper for the provision of the outer elec-
trode surface.

The plate-like mount may be produced by etching a
plate-like mount blank, having substantially the same con-
figuration as the plate-like mount, such that the land portion
1s left on the plate-like mount blank.

When the aforesaid electrode pad and the aforesaid flat
clectrode are defined as a first electrode pad and a first flat
clectrode pad, respectively, the semiconductor chip may
further have a second electrode pad formed on the top
surface thereof, and a second flat electrode electrically
connected to the second electrode pad.

In this case, when the semiconductor chip 1s formed as a
vertical type power metal oxide semiconductor field effect
transistor device, the electrode layer 1s defined as a drain
clectrode, and the respective first and second flat electrodes
are defined as a source electrode and a gate electrode.

Also, when the atoresaid semiconductor chip 1s defined as
a first semiconductor chip, a second semiconductor chip,
which 1s substantially identical to the first semiconductor
chip, may be sealed and encapsulated 1n the molded resin
enveloper 1 substantially the same manner as the first
semiconductor chip. On the other hand, the second semi-
conductor chip may be different from the first semiconductor
chip. In this case, the second semiconductor chip may have
at least one an electrode layer formed thereon, and a flat
clectrode electrically connected to the electrode layer, a part
of which 1s exposed as an outer electrode pad from the
molded resin enveloper.

In accordance with a second aspect of the present mnven-
tion, there 1s provided a production process for manufactur-
ing a plurality of leadless type semiconductor packages,
which comprises the steps of: preparing a first metal frame
including a plurality of plate-like mounts; preparing a plu-




US 7,224,045 B2

3

rality of semiconductor chips, each of which has at least one
clectrode pad formed on a top surface thereof; mounting the
respective semiconductor chips on the plate-like mounts
such that a bottom surface of each of the semiconductor
chips 1s securely bonded thereto; preparing a second metal
frame 1ncluding a plurality of flat electrodes; applying the
second metal frame to the first metal frame such that the
respective flat electrodes are placed on and bonded to the
clectrode pads of the semiconductor chips so as to establish
clectrical connections therebetween, resulting 1n production
of an intermediate product including the first and second
metal frames and the semiconductor chips provided ther-
cbetween; receiving the intermediate product 1n a molding
cavity defined by mold dies; mtroducing an uncured resin
material 1into the molding cavity to thereby form a molded
resin enveloper that completely seals and encapsulates the
semiconductor chips, and that partially seals and encapsu-
lates the flat electrodes such that a part of each of the flat
clectrodes 1s exposed as an outer electrode pad on a top
surface of the molded resin enveloper; removing the molded
resin enveloper from the mold dies after the introduced resin
material 1s cured; and cutting and dividing the molded resin
enveloper mto a plurality of leadless type semiconductor
packages, each of the leadless type semiconductor packages
including one of the plate-like mounts, a semiconductor chip
mounted thereon, and a flat electrode bonded to an electrode
pad thereof.

In this production process, the bonding of the respective
flat electrodes to the electrode pads of the semiconductor
chips may be carried out prior to the bonding of the
respective bottom surfaces of the semiconductor chips to the
plate-like mounts of the first metal frame.

Preferably, each of the flat electrodes 1s formed with a
land portion, which 1s exposed as the outer electrode pad on
the top surface of the molded resin enveloper. In this case,
the second metal frame may be produced by etching an
intermediate product, having substantially the same configu-
ration as the second metal frame and including a plurality of
flat electrode blanks corresponding to the respective flat
clectrodes, such that each of the land portions 1s left on a
corresponding flat electrode blank.

In accordance with a third aspect of the present invention,
there 1s provided a production process for manufacturing a
plurality of leadless type semiconductor packages, compris-
ing the steps of: preparing a first metal frame including a
plurality of plate-like mounts; preparing a plurality of first
semiconductor chips, each of which has at least one elec-
trode pad formed on a top surface thereof; mounting the
respective first semiconductor chips on the plate-like mounts
such that a bottom surface of each of the first semiconductor
chips 1s securely bonded thereto; preparing a second metal
frame 1including plural sets of first and second flat electrodes;
preparing a plurality of second semiconductor chips, each of
which has at least one electrode pad formed on a top surface
thereof; mounting the respective second semiconductor
chips on the plate-like mounts of the first metal frame such
that the electrode pad each of the second semiconductor
chips 1s securely bonded thereto; combining the first and
second metal frames with each other such that the electrode
pad of each of the first semiconductor chips 1s bonded to a
corresponding first flat electrode of the second metal frame
so as to establish an electrical connection therebetween, and
such that a bottom surface of each of the second semicon-
ductor chips 1s bonded to a corresponding second flat
clectrode so as to establish an electrical connection therebe-
tween, resulting in production of an intermediate product
including the first and second metal frames and the first and
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second semiconductor chips provided therebetween; rece1v-
ing the intermediate product 1n a molding cavity defined by
mold dies; mtroducing an uncured resin material into the
molding cavity to thereby form a molded resin enveloper
that completely seals and encapsulates the first and second
semiconductor chips, and that partially seals and encapsu-
lates the first and second flat electrodes such that a part of
cach of the first and second flat electrodes 1s exposed as an
outer electrode pad on a top surface of the molded resin
enveloper; removing the molded resin enveloper from the
mold dies after the introduced resin material 1s cured; and
cutting and dividing the molded resin enveloper into a
plurality of leadless type semiconductor packages, each of
the leadless type semiconductor packages including one of
the plate-like mounts, both first and second semiconductor
chips mounted thereon, and both first and second flat elec-
trode bonded to the respective electrode pads thereof.

In the third aspect of the present invention, each of the
plate-like mounts may be 1s formed with a land portion,
which 1s exposed as an outer electrode pad on a bottom
surface of the molded resin enveloper. In this case, prefer-
ably, the first metal frame 1s produced by etching an inter-
mediate product, having substantially the same configura-
tion as the first metal frame and including a plurality of
plate-like blanks corresponding to the respective plate-like
mounts, such that each of the land portions (L) 1s left on a
corresponding plate-like blank.

Also, 1n the third aspect of the present invention, each of
the first and second flat electrodes may be formed with a
land portion, which 1s exposed as the outer electrode pad on
the top surface of the molded resin enveloper. In this case,
preferably, the second metal frame 1s produced by etching an
intermediate product, having substantially the same configu-
ration as the second metal frame and including plural sets of
first and second flat electrode blanks corresponding to the
respective plural sets of first and second flat electrodes, such
that each set of first and second land portions are leit on a
corresponding flat electrode blank.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and other objects will be more clearly
understood from the description set forth below, with ref-
erence to the accompanying drawings, wherein:

FIG. 1 1s a longitudinal cross-sectional view showing a
first conventional leadless type semiconductor package;

FIG. 2 1s a longitudinal cross-sectional view showing a
second conventional leadless type semiconductor package;

FIG. 3 1s a longitudinal cross-sectional view showing a
third conventional leadless type semiconductor package;

FIG. 4 1s a longitudinal cross-sectional view showing a
fourth conventional leadless type semiconductor package;

FIG. 5 1s a perspective view of a first embodiment of a
leadless type semiconductor package according to the
present 1nvention;

FIG. 6 1s a cross-sectional view taken along the VI—VI
line of FIG. 5;

FIG. 7 1s an exploded view of elements forming the
leadless type semiconductor package shown in FIGS. S and
6

FIG. 8 1s a cross-sectional view of a product in which a
plurality of vertical type power metal oxide semiconductor
field effect transistor (IMOSFET) devices are produced, each
of the power MOSFET devices being used as a semicon-
ductor chip in the leadless type semiconductor package
according to the present ivention;
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FIG. 9 1s a wiring diagram of the first embodiment of the
leadless type semiconductor package according to the
present mvention;

FIG. 10 1s a perspective view of a first metal frame used
in a first embodiment of a production process for manufac-
turing a plurality of leadless type semiconductor packages
according to the present invention;

FIG. 11 1s a perspective view of a second metal frame
used 1n the first embodiment of the production process for
manufacturing the plurality of the leadless type semicon-
ductor packages according to the present invention;

FIG. 12 1s a perspective view of an intermediate product
from which the second metal frame shown in FIG. 11 1s
produced;

FI1G. 13 15 a perspective view, similar to FIG. 12, showing
the mtermediate product which 1s partially masked, using a
photolithography process:;

FIG. 14A 1s an explanatory view showing a first repre-
sentative step of a {first embodiment of the production
process according to the present mvention;

FIG. 14B 1s an explanatory view showing a second
representative step of the first embodiment of the production
process according to the present mvention;

FIG. 14C 1s an explanatory view showing a third repre-
sentative step of the first embodiment of the production
process according to the present mvention;

FIG. 14D 1s an explanatory view showing a fourth rep-
resentative step of the first embodiment of the production
process according to the present mvention;

FIG. 14E 1s an explanatory view showing a fifth repre-
sentative step of the first embodiment of the production
process according to the present mvention;

FIG. 14F 1s an explanatory view showing a sixth repre-
sentative step of the first embodiment of the production
process according to the present invention;

FIG. 15A 1s an explanatory view showing a first repre-
sentative step of a modification of the aforesaid first embodi-
ment of the production process according to the present
imnvention;

FIG. 15B 1s an explanatory view showing a second
representative step of the modification of the aforesaid first
embodiment of the production process according to the
present ivention;

FIG. 16 1s a cross-sectional view showing a first mount-
ing-arrangement in which the first embodiment of the lead-
less type package according to the present invention 1s
mounted on a wiring board;

FIG. 17 1s a cross-sectional view showing a second
mounting-arrangement in which the first embodiment of the
leadless type package according to the present invention 1s
associated with two wiring boards;

FIG. 18 1s a cross-sectional view showing a third mount-
ing-arrangement in which the first embodiment of the lead-
less type package according to the present invention 1s
associated with two rectangular tray-like wiring boards;

FIG. 19 1s a perspective view of a second embodiment of
the leadless type semiconductor package according to the
present mvention;

FIG. 20 1s a cross-sectional view taken along the
XX—XX line of FIG. 19;

FIG. 21 1s an exploded view of elements forming the
leadless type semiconductor package shown in FIGS. 19 and
20;

FI1G. 22 1s a wiring diagram of the second embodiment of
the leadless type semiconductor package according to the
present mvention;
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FIG. 23 1s a perspective view of a first metal frame used
in a second embodiment of a production process for manu-
facturing a plurality of leadless type semiconductor pack-
ages according to the present invention;

FIG. 24 15 a perspective view of an intermediate product
from which the first metal frame shown m FIG. 23 1is
produced;

FIG. 25 1s a perspective view of a second metal frame
used 1n the second embodiment of the production process for
manufacturing the plurality of the leadless type semicon-
ductor packages according to the present invention;

FIG. 26 15 a perspective view of an intermediate product
from which the second metal frame shown in FIG. 25 1s
produced;

FIG. 27A 1s an explanatory view showing a first repre-
sentative step ol a second embodiment of the production
process according to the present mvention;

FIG. 27B 1s an explanatory view showing a second
representative step of the second embodiment of the pro-
duction process according to the present ivention;

FIG. 27C 1s an explanatory view showing a third repre-
sentative step of the second embodiment of the production
process according to the present mvention;

FIG. 27D 1s an explanatory view showing a fourth rep-
resentative step of the second embodiment of the production
process according to the present invention;

FIG. 27F 1s an explanatory view showing a fifth repre-
sentative step of the second embodiment of the production
process according to the present invention;

FIG. 27F 1s an explanatory view showing a sixth repre-
sentative step of the second embodiment of the production
process according to the present invention; and

FIG. 27G 1s an explanatory view showing a seventh
representative step of the second embodiment of the pro-
duction process according to the present ivention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Betore descriptions of embodiments of the present inven-
tion, for better understanding of the present invention, a
conventional leadless type semiconductor package will be
explained with reference to FIGS. 1, 2, 3 and 4.

First, with reference to FI1G. 1, a first conventional lead-
less type semiconductor package, as disclosed 1n the above-
mentioned JP-A-(HEI)11-150143, 1s illustrated.

The first conventional leadless type semiconductor pack-
age 1mcludes an island or plate-like mount 1A, a semicon-
ductor chip 2A mounted on the plate-like mount 1A and
having electrode pads 3A provided on a top surface thereof,
and a molded resin enveloper 4A sealing and encapsulating
the semiconductor chip 2A such that the plate-like mount 1A
1s exposed on the rear surface of the molded resin enveloper
4A. As shown 1n FIG. 1, the molded resin enveloper 4A has
protrusions protruding from the rear surface thereof, and
cach of the protrusions 1s covered with a cap-like metal
clectrode pad SA. The electrode pads 3A of the semicon-
ductor chip 2A are electrically connected to the cap-like
metal electrode pads SA through the intermediary of bond-
ing wires 6A.

In reality, in production of the first conventional leadless
type semiconductor package, the plate-like mount 1A and
the cap-like metal electrode pads SA are prepared 1n the form
of a metal lead frame. Then, after the semiconductor chip 2A
1s mounted on the plate-like mount 1A, the bonding wires
6A are provided between the electrodes pads 3A and the
cap-like electrode pads SA, using a wire-bonding machine,
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and the molded resin enveloper 4 A 1s formed from a suitable
resin material, such as epoxy, using a pair of mold dies.

As 1s apparent from FIG. 1, the first conventional leadless
type semiconductor package has no outer lead portions
extending outwardly and laterally from the sides of the
molded resin enveloper 4A, but it inevitably has a relatively
large thickness for the provision of the bonding wires 6A.

With reference to FIG. 2, a second conventional leadless
type semiconductor package 1s 1llustrated. The second con-
ventional leadless type semiconductor package also includes
an 1sland or mount 1B, a semiconductor chip 2B mounted on
the mount 1B and having electrode pads 3B provided on a
top surface thereot, and a molded resin enveloper 4B sealing,
and encapsulating the semiconductor chip 2B such that the
1sland 1B 1s exposed on the rear surface of the molded resin
enveloper 4B. As shown 1n FIG. 2, metal electrodes 5B are
embedded 1n the molded resin enveloper 4B so as to be
exposed on the rear surface thereof, and are electrically
connected to the electrode pads 3B of the semiconductor
chip 2B through the intermediary of bonding wires 6B.

Similar to the first conventional leadless type semicon-
ductor package, i production of the second conventional
leadless type semiconductor package, the mount 1B and the
metal electrodes 5B are prepared 1n the form of a metal lead
frame. Then, the semiconductor chip 2B 1s mounted on the
1sland 1A. Then, the bonding wires 6B are provided between
the electrodes pads 3B and the metal electrodes 5B, using a
wire-bonding machine, and the molded resin enveloper 4B
1s formed from a suitable resin maternal, such as epoxy, using
a pair of mold dies.

As 1s apparent from FIG. 2, the second conventional
leadless type semiconductor package also has no outer lead
portions extending outwardly and laterally from the sides of
the molded resin enveloper 4B, but 1t inevitably has a
relatively large thickness for the provision of the bonding
wires 6B.

In the above-mentioned first and second conventional
leadless type semiconductor packages featuring the bonding
wires (6A, 6B), 1t 1s diflicult to aclhieve a high speed
operation because the bonding wires (6A, 6B) are very thin
and thus exhibit a relatively large electrical resistance.

In order to ensure the high speed operation 1n a leadless
type semiconductor package, 1t has been proposed that a
thick metal lead 1s substituted for a bonding wire, as shown
in FIG. 3 in which a third conventional leadless type
semiconductor package 1s 1llustrated.

In particular, the third conventional leadless type semi-
conductor package includes an 1sland or plate-like mount
1C, a semiconductor chip 2C mounted on the plate-like
mount 1C and having an electrode pad 3C provided on a top
surface thereof, and a molded resin enveloper 4C sealing and
encapsulating the semiconductor chip 2C such that the
plate-like mount 1C 1s exposed on the rear surface of the
molded resin enveloper 4C. As shown i FIG. 3, a first
shaped metal lead 5C and a second shaped metal lead 6C are
embedded in the molded resin enveloper 4C such that one
end portion of the first shaped metal lead SC 1s exposed as
an electrode on the rear surface of the molded resin
enveloper 4C, and the other end portion of the first shaped
metal lead 5C 1s electrically connected to the electrode pad
3C of the semiconductor chip 2C through the intermediary
of the second shaped metal lead element 6C.

In reality, 1n production of the third conventional leadless
type semiconductor package, the plate-like mount 1C and
the first shaped metal lead 5C are prepared in the form of a
metal lead frame. Then, after the semiconductor chip 2C 1s
mounted on the plate-like mount 1C, the second shaped
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metal lead 6C 1s provided between the electrodes pad 3C and
the other end portion of the first shaped metal lead 5C, and
the molded resin enveloper 4C 1s formed from a suitable
resin material, such as epoxy, using a pair of mold dies.

According to the third conventional leadless type semi-
conductor package, since the first and second shaped metal
leads SC and 6C are considerably thicker 1n comparison with

the bonding wires (6 A, 6B), 1.e. since an electrical resistance
of the first and second shaped metal leads 5C and 6C 1is
smaller than that of the bonding wires (6 A, 6B), high speed
operation 1s ensured. Nevertheless, the third conventional
leadless type semiconductor package also has a relatively

large thickness for the provision of the first and second
shaped metal leads 5C and 6C.

FIG. 4 shows a fourth conventional leadless type semi-

conductor package, in which the high speed operation 1is
allowed.

In particular, similar to the third conventional leadless
type semiconductor package, the fourth conventional lead-
less type semiconductor package includes an island or
plate-like mount 1D, a semiconductor chip 2D mounted on
the plate-like mount 1D and having an electrode pad 3D
provided on a top surface thereof, and a molded resin
enveloper 4D sealing and encapsulating the semiconductor
chip 2D such that the plate-like mount 1D 1s exposed on the
rear surface of the molded resin enveloper 4D. As shown 1n
FIG. 4, a shaped metal lead 5D 1s embedded in the molded
resin enveloper 4D such that one end portion of the shaped
metal lead 5D 1s exposed as an electrode on the rear surface
of the molded resin enveloper 4D, and the other end portion
of the shaped metal lead 5D 1s electrically and directly
connected to the electrode pad 3D of the semiconductor chip

2D.

In reality, in production of the fourth conventional lead-
less type semiconductor package, the plate-like mount 1D
and the shaped metal lead 5D are prepared 1n the form of a
metal lead frame. Then, after the semiconductor chip 2D 1s
mounted on the plate-like mount 1D, the electrical connec-
tion 1s established between the electrode pad 3D and the
other end portion of the shaped metal lead 5D, and the
molded resin enveloper 4D 1s formed from a suitable resin
material, such as epoxy, using a pair of mold dies.

According to the fourth conventional leadless type semi-
conductor package, since the shaped metal lead 5D 1s
considerably thicker than the bonding wires (6A, 6B), 1.c.
since an electrical resistance of the shaped metal lead 5D 1s
smaller than that of the bonding wires (6 A, 6B), high speed
operation 1s ensured. Nevertheless, the fourth conventional
leadless type semiconductor package also has a relatively
large thickness for the provision of the shaped metal lead

D).

According to the present invention, it 1s possible to
considerably decrease a thickness of a leadless type semi-
conductor package, as stated below.

With reference to FIGS. 5, 6 and 7, a first embodiment of
a leadless type semiconductor package according to the
present invention 1s illustrated.

As 1s apparent from FIGS. 5, 6 and 7, the leadless type
semiconductor package includes a rectangular metal plate-
like mount 10, and first and second semiconductor chips 12F
and 12S securely mounted on the plate-like mount 10. For
example, the plate-like mount 10 may be formed of a
suitable metal material, such as copper, brass or the like. In
this first embodiment, the first and second semiconductor
chips 12F and 128 are 1dentical to each other, and each of the
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semiconductor chips 12F and 12S 1s formed as a vertical
type power metal oxide semiconductor field etlect transistor
(MOSFET) device.

As best shown 1n FIG. 7, the first semiconductor chip 12F
has a drain electrode layer D1 formed over a bottom surface
thereol, and both source and gate electrode pads S1 and G1
formed on a top surface of the first semiconductor chip 12F.
Similarly, the second semiconductor chip 12S has a drain
clectrode layer D2 formed over a bottom surface thereof,
and both source and gate electrode pads S2 and G2 formed
on a top surface of the second semiconductor chip 12S. The
drain electrode layers D1 and D2 and the electrode pads S1,
S2, G1 and G2 may be formed of a suitable metal material,
such as aluminum. For example, the drain electrode layers
D1 and D2 are soldered to the plate-like mount 10, using a
suitable solder paste, such as a silver paste, and thus the
plate-like mount 10 functions as a common drain electrode
for the first and second semiconductor chips or vertical type
power MOSFET devices 12F and 128S.

Respective metal bumps B1 are provided on and bonded
to the electrode pads S1, and G1 of the first semiconductor
chup 12F, and respective metal bumps B2 are provided on
and bonded to the electrode pads S2, and G2 of the second
semiconductor chip 12S. Each of the bumps B1 and B2 1s
preferably formed of gold, and the bonding of each bump to
a corresponding pad (S1, G1, S2, G2) may be carried out by
using either an ultrasonic-pressure bonding method or a
heat-pressure bonding method. Note, each of the metal
bumps B1 and B2 may be replaced with a solder ball, i
necessary.

As 1s apparent from FIGS. 6 and 7, respective rectangular
flat source and gate eclectrodes SE1 and GE1, which are
formed of a suitable metal material, such as copper, brass or
the like, are provided on and bonded to the metal bumps B1
on the source and gate electrode pads S1 and G1. Similarly,
respective flat rectangular source and gate electrodes SE2
and GE 2, which are formed of a suitable metal material,
such as copper, brass or the like, are provided on and bonded

to the metal bumps B on the source and gate electrode pads
S2 and G2.

Note, the bonding of the flat electrodes SE1, GE1, SE2
and GE2 to the metal bumps B2 may be carried out by using
either an ultrasonic-pressure bonding method or a heat-
pressure bonding method. As best shown m FIG. 7, the
rectangular flat source electrode SE1 has a rectangular land
portion SL1 provided at one corner thereot, and the rectan-
gular flat gate electrode GFE1 has a rectangular land portion
GL1 provided at one corner thereof. Similarly, the rectan-
gular tlat source electrode SE2 has a rectangular land portion
SL.2 provided at one corner thereol, and the rectangular tlat
gate electrode GE2 has a rectangular land portion GL2
provided at one corner thereof.

As shown 1 FIGS. § and 6, the leadless type semicon-
ductor package turther includes a molded resin enveloper 14
sealing and encapsulating the first and second semiconduc-
tor chips 12F and 128 and the flat electrodes SE1, GE1, SE2
and GE2, such that the rectangular land portions SL.1, GL1,
SI.2 and GL.2 of the flat electrodes SE1, GE1, SE2 and GE2
are exposed on a top surface of the molded resin enveloper
14. The respective exposed land portions SL1 and GL1 serve
as an outer source electrode pad and an outer gate electrode
pad for the first semiconductor chip 12F, and the respective
exposed land portions SL2 and GL2 serve as an outer source
clectrode pad and an outer gate electrode pad for the second
semiconductor chip 1285.

As 1s apparent from FIGS. 6 and 7, the flat electrodes SE1,
GE1, SE2 and GE2 can be more compactly provided and
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arranged above the first and second semiconductor chips
12F and 12S 1n comparison with the conventional leadless
semiconductor packages (FIGS. 1 to 4), and thus it 1s
possible to considerably reduce a thickness of the molded
resin enveloper 14, and therefore, an entire thickness of the
leadless type semiconductor package according to the
present invention can be reduced.

With reference to FIG. 8, production of vertical type
power MOSFET devices (12F, 125) 1s illustrated.

In particular, first, an N*-type semiconductor substrate 16,
which may be obtained from an n*-type monocrystalline
s1licon water, 1s prepared, and an n-type epitaxial layer 18 1s
formed as a drift layer on the n™-type semiconductor sub-
strate 16. Then, a plurality of p-type base regions 20 are
formed at a given pitch in the n-type drift layer 18 by
implanting p-type impurities, such as boron 1ons (B™) or the
like therein, and an annular n™-type source region 22 is
formed 1n each of the p-type base regions 20 by implanting
N-type impurities, such as phosphorus 1ons (P™) or the like
therein.

Thereatter, a silicon dioxide layer 24 is formed over the
N-type drift layer 18, and is patterned such that a gate
insulating layer 24' 1s defined between two adjacent annular
N™-type source regions 22. Then, a polycrystalline silicon
layer 26 1s formed over the patterned gate insulating layer
24, and 1s patterned such that a gate electrode layer 26' is
defined on each of the gate insulating layers 24'. Subse-
quently, a silicon dioxide layer 28 1s formed as an insulating
interlayer over the patterned polycrystalline silicon layer 26,
and a plurality of source contact holes 30 and a plurality of
gate contact holes 32 are perforated in the insulating inter-
layer 28 such that the annular N™-type source regions 22 and
the gate electrode layers 26' are partially exposed to the
outside.

Thereatter, a metal layer 34 1s formed over the perforated
insulating interlayer 28, and is patterned such that a source
metal electrode 34S 1s defined on each of the partially-
exposed annular N*-type source regions 22, and such that a
gate metal electrode 34G 1s defined on each of the partially-
exposed gate electrode layers 26'. Then, a metal layer 36 1s
formed as a drain electrode layer over the rear surface of the
N™-type semiconductor substrate 16, resulting 1n completion
of the production of the vertical type power MOSFET
devices on the N™-type semiconductor substrate 16. Note,
the layers 34 and 36 may be composed of a suitable metal
material, such as aluminum.

Thereatter, the product i1s subjected to a dicing process
such that the vertical type power MOSFET devices are
individually separated from each other, and a separated
device 1s used as the first or second semiconductor chip 12F
or 12S. Of course, 1n the separated device, the respective
source and gate metal electrodes 34S and 34G correspond to
the source electrode pad (S1, S2) and the gate electrode pad
(G1, G2), and the drain electrode layer 36 corresponds to a
drain electrode layer (D1, D2).

With reference to FIG. 9, a wiring diagram of the
assembled leadless type of the semiconductor package
according to the present invention 1s symbolically 1llus-
trated. Of course, 1 FIG. 9, the respective symbols corre-

sponding to the elements shown in FIG. 7 are indicated by
the same references 10, 12F, 128, 14, D1, D2, G1, G2, GL1,

GL2, SL1 and SL2.

FIG. 10 shows a first metal frame, generally indicated by
reference 38F, which 1s used 1in a first embodiment of a
production process for manufacturing a plurality of leadless
type semiconductor packages (FIGS. 5 to 7) according to the
present invention.
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The first metal frame 38F 1s formed of a suitable metal
maternal, such as copper, brass or the like, and includes a
plurality of rectangular metal plate-like mounts 10 which are
integrally joined to each other by tie bar elements 40F. The
first metal frame 38F may be punched and produced from a
copper or brass plate blank by using a punching machine.

FIG. 11 shows a second metal frame, generally indicated
by reference 38S, which is used in the first embodiment of
the production process for manufacturing the plurality of
leadless type semiconductor packages (FIGS. 5 to 7) accord-
ing to the present invention.

The second metal frame 38S 1s also formed of a suitable
metal material, such as copper, brass or the like, and includes
plural sets of four flat rectangular electrodes SE1, GE1, SE2,
to and GE2 which are integrally joined to each other by tie
bar elements 40S, and the respective flat electrodes SEI,
GE1, SE2 and GE2 i each set have rectangular land
portions SL1, GL1, SL2 and GL2.

In order to produce the second metal frame 38S, first, as
shown 1n FI1G. 12, an intermediate product 385' 1s prepared.
The intermediate product 38S' may be punched and pro-
duced from a copper or brass plate blank by using a
punching machine, and includes plural sets of four rectan-
gular flat sections SE1', GE1', SE2' and GE2', which corre-
spond to the respective rectangular flat electrodes SE1, GE1,
SE2 and GE2, and which are integrally joined to each other
by tie bar elements 40S5'. Respective parts of the rectangular
flat sections SE1', GE1', SE2' and GE2', corresponding to the
rectangular land portions SLL1, GL1, SL2 and GL2, are
masked, using a photolithography process, as represented by
cross-hatching areas in FIG. 13, and then the intermediate
product 38S' 1s subjected to an etching process, so that the
masked parts are left as the rectangular land portions SL.1,
GL1, SL2 and GL2 on the rectangular flat sections SE1',
GE1', SE2' and GE2', respectively, resulting in the comple-
tion of production of the second metal frame 38S as shown
in FIG. 11.

Next, with reference to FIGS. 14 A to 14F, a first embodi-
ment of the production process for manufacturing a plurality
of leadless type semiconductor packages (FIGS. 5 to 7)
according to the present invention 1s illustrated.

First, as shown in FIG. 14 A, a first metal frame 38F (FIG.
10) 1s prepared, and plural sets of first and second semicon-
ductor chips 12F and 12S are mounted on the respective
rectangular metal plate-like mounts 10 1ncluded 1n the first
metal frame 38F, and the drain electrode layers D1 and D2
of the first and second semiconductor chips 12F and 125 1n
cach set are soldered to a corresponding plate-like mount 10,
using a suitable solder paste, such as a silver paste.

Then, as shown 1n FIG. 14B, a second metal frame 38S
including plural sets of four rectangular flat electrodes SE1,
GE1, SE2 and GE2 (FIG. 11) 1s prepared and applied to the
plural sets of first and second semiconductor chips 12F and
125, such that the respective flat electrodes SE1, GE1, SE2
and GE2 1n each set are placed on and securely bonded to the
four metal bumps B1 and B2 of the corresponding set of first
and second semiconductor chips 12F and 12S, by using
either an ultrasonic-pressure bonding method or a heat-
pressure bonding method.

Thereatfter, the intermediate product shown 1n FIG. 14B 1s
received 1n a molding cavity defined by a pair of upper and
lower mold dies 42U and 421., as shown 1n FIG. 14C. Then,
a suitable uncured resin material, such as epoxy, 1s 1ntro-
duced into the molding cavity defined by the upper and
lower mold dies 42U and 421., as shown 1in FIG. 14D, to
thereby form a molded resin enveloper 14' sealing and
encapsulating the plural sets of first and second semicon-
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ductor chips 12F and 12S and the plural sets of four flat
electrodes SE1, GE1, SE2 and GE?2.

After the molded resin enveloper 14' 1s completely cured,
the molded resin enveloper 14' 1s taken out of the upper and
lower mold dies 42U and 421, as shown 1n FIG. 14E. As 1s
apparent Irom this drawing, the molding of the enveloper 14'
1s carried out so that the rectangular land portions SL.1, GIL1,
SI1.2 and GL2 of the flat electrodes SE1, GE1, SE2 and GE2
are exposed on a top surface of the molded resin enveloper
14' and such that the rear surfaces of the plate-like mounts
10 are exposed on a bottom surface of the molded resin
enveloper 14’

Thereafter, as shown in FIG. 14F, the molded resin
enveloper 14' 1s cut and divided into a plurality of leadless
type semiconductor packages, each of the packages includ-
ing the plate-like mount 10, the first and second semicon-
ductor chips 12F and 12S on the plate-like mount 10, the
molded resin enveloper 14 sealing and encapsulating the
first and second semiconductor chips 12F and 12S and the
flat electrodes SE1, GE1, SE2 and GE2 associated there-
with, as shown 1n FIGS. 5 to 7.

With respect to FIGS. 15A and 15B, a modification of the
first embodiment of the production process according to the
present invention 1s illustrated.

In this modified embodiment, first, as shown in FIG. 15A,
a second metal frame 38S including plural sets of four
rectangular flat electrodes SE1, GE1, SE2 and GE2 (FIG.
11) 1s prepared, and plural sets of first and second semicon-
ductor chips 12F and 12S are applied to the second metal
frame 38S such that the respective metal bumps B1 and B2
of each set of first and second semiconductor chips 12F and
12S are placed on and securely bonded to a corresponding
set of flat electrodes SE1, GE1, SE2 and GE2, by using
cither an ultrasonic-pressure bonding method or a heat-
pressure bonding method.

Then, as shown 1n FIG. 15B, a first metal frame 38F 1s
prepared and applied to the plural sets of first and second
semiconductor chips 12F and 125, such that each of the
plate-like mounts 10 included in the first metal frame 38F 1s
securely soldered to the drain electrodes D1 and D2 of a
corresponding set of first and second semiconductor chips
12F and 128, using a suitable solder paste, such as a silver
paste.

The mtermediate product as shown 1 FIG. 15B 1s sub-
stantially 1dentical to that shown in FIG. 14B, and 1s
processed 1n substantially the same manner as shown in
FIGS. 14C to 14F, to thereby produce a plurality of leadless
type semiconductor packages (FIGS. 5 to 7).

In the above-mentioned first embodiment of the leadless
type semiconductor package, although the plate-like mount
or common drain electrode 10 1s exposed to the outside, 1t
may be completely buried in the molded resin enveloper 14
when 1t 1s unnecessary to connect the common drain elec-
trode 10 to an electrode pad provided on a wiring board on
which the leadless type semiconductor package be mounted.

FIG. 16 shows a first mounting-arrangement in which the
aforesaid leadless type package according to the present
invention 1s mounted on a wiring board.

In FIG. 16, the leadless type semiconductor package and
the wiring board are generally indicated by references 44
and 46, respectively. The wiring board 46 comprises an
insulating plate-like member 46 A on which a wiring pattern
1s formed, using a photolithography process and an etching
process. The insulating plate-like member 46 A may be made
from a nigid plate composed of a suitable synthetic resin
material, and otherwise may be made from a flexible film
composed of a suitable synthetic resin material.
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The wiring pattern includes a set of four electrode pads,
only two of which are indicated by references 46B and 46C,
with the four electrode pads being arranged 1n substantially
the same manner as the exposed land portions or electrode
pads SL1, GL1, SL2 and GL2 of the leadless type semicon-
ductor package 44. The wiring pattern also includes an
additional electrode pad indicated by reference 46D. Note,
of course, the mnsulating plate-like member 46 may 1nclude
another wiring pattern having various electrode pads, 1f
necessary.

The leadless type semiconductor package 44 1s mounted
on the wiring board 46 such that the exposed land portions
or electrode pads SL1, GL1, SL2 and GL2 of the leadless
type semiconductor package 44 are soldered to the set of
four electrode pads (46B, 46C), using a suitable solder paste,
such as a silver paste. Also, the plate-like mount or common
drain electrode 10 are electrically connected to the addi-
tional electrode pad 46d through the intermediary of a
shaped metal lead 48. Namely, the respective ends the
shaped metal lead 48 are soldered to the common drain
clectrode 10 and the additional electrode pads 46D, using a
suitable solder paste, such as a silver paste.

The aforesaid first mounting-arrangement 1s advanta-
geous 1n that the mounting of the leadless type semiconduc-
tor package 44 on the wiring board 46 can be achieved, using,
a conventional face-down mounting process and a conven-
tional metal-lead soldering process. Namely, 1t 1s unneces-
sary to develop new mounting processes for the leadless
type semiconductor package according to the present inven-
tion.

FIG. 17 shows a second mounting-arrangement in which
the aforesaid leadless type package according to the present
invention 1s associated with two wiring boards, that 1s, first
and second wiring boards.

In FIG. 17, the leadless type semiconductor package 1s
indicated by reference 44, and the respective first and second
wiring boards are generally indicated by references 50 and
52. The first wiring board 50 comprises an msulating plate-
like member S0A on which a wiring pattern 1s formed, using
a photolithography process and an etching process. Simi-
larly, the second wiring board 52 comprises an insulating
plate-like member 52 A on which a wiring pattern 1s formed,
using a photolithography process and an etching process.
Each of the insulating plate-like members S0A and 52A may
be made from a rigid plate composed of a suitable synthetic
resin material, and otherwise may be made from a flexible
film composed of a suitable synthetic resin material.

The wiring pattern of the insulating plate-like member
50A 1ncludes a set of four electrode pads, only two of which
are indicated by references 50B and 30C, with the four
clectrode pads being arranged in substantially the same
manner as the exposed land portions or electrode pads SL.1,
GL1, SL2 and GL2 of the leadless type semiconductor
package 44. On the other hand, the wiring pattern of the
insulating plate-like member 32A includes a rectangular
clectrode pad 52B corresponding to the common drain
clectrode 10 of the leadless type semiconductor package 44.

Similar to the first mounting-arrangement shown 1n FIG.
16, the leadless type semiconductor package 44 1s mounted
on the first wiring board 50 such that the exposed land
portions or electrode pads SL.1, GL1, SL2 and GL2 of the
leadless type semiconductor package 44 are soldered to the
set of four electrode pads (50B, 50C), using a suitable solder
paste, such as a silver paste. Then, the second wiring board
52 1s applied to the leadless type semiconductor package 44
mounted on the first wiring board 52, and the rectangular
clectrode pad 52B of the second wiring board 32 1s soldered
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to the common drain electrode 10 of the leadless type
semiconductor package 44, using a suitable solder paste,
such as a silver paste.

The aforesaid second mounting-arrangement 1s also
advantageous 1n that the mounting of the leadless type
semiconductor package 44 on the first wiring board 30 can
be achieved, using a conventional face-down mounting
Process.

In the aforesaid second mounting-arrangement shown 1n
FIG. 17, 1f the nsulating plate-like members 50A and 52A
are made from the flexible film, both the first and second
wiring boards 50 and 52 can be constituted as a single
flexible film-like wiring board. In this case, the set of four
clectrode pads (50B, 50C) and the rectangular electrode pad
52B are arranged on the single flexible film-like wiring
board so as to be remotely separated from each other, such
that the rectangular electrode pad 52 can be accessed and
soldered to the common drain electrode 10 by folding the
single flexible film-like wiring board on which the leadless
type semiconductor package 44 are previously mounted.

FIG. 18 shows a third mounting-arrangement in which the
aforesaid leadless type package according to the present
invention 1s associated with two tray-like wiring boards, that
1s, first and second tray-like wiring boards.

In FIG. 18, the leadless type semiconductor package 1s
indicated by reference 44, and the respective first and second
tray-like wiring boards are generally indicated by references
54 and 56. The first tray-like wiring board 54 comprises a
rectangular insulating tray-like member 54A on an inner
bottom surface of which a wiring pattern 1s formed, using a
photolithography process and an etching process. Similarly,
the second tray-like wiring board 56 comprises a rectangular
insulating tray-like member 56 A on which a wiring pattern
1s formed, using a photolithography process and an etching
process. Each of the insulating tray-like members 54 A and
56A 1s formed as a rigid member, and may be molded from
a suitable synthetic resin material.

Note, as 1s apparent from FI1G. 18, the first tray-like board
54 has substantially the same configuration as the second
tray-like board 56.

The wiring pattern of the insulating tray-like member 5S4 A
includes a set of four electrode pads, only two of which are
indicated by references 54B and 34C, with the four electrode
pads being arranged 1n substantially the same manner as the
exposed land portions or electrode pads SL.1, GLL1, SL.2 and
GL2 of the leadless type semiconductor package 44. On the
other hand, the wiring pattern of the insulating tray-like
member 56A includes a rectangular electrode pad 56B
corresponding to the common drain electrode 10 of the
leadless type semiconductor package 44.

Similar to the first and second mounting-arrangement
shown 1n FIGS. 16 and 17, the leadless type semiconductor
package 44 1s mounted on the mnner bottom surface of the
first tray-like wiring board 54 such that the exposed land
portions or electrode pads SLL1, GL1, SL2 and GL2 of the
leadless type semiconductor package 44 are soldered to the
set of four electrode pads (54B, 54C), using a suitable solder
paste, such as a silver paste. Then, while the first tray-like
wiring board 54 1s covered with and adhered to the second
tray-like wiring board 56, using a suitable adhesion agent,
the rectangular electrode pad 54B of the second tray-like
wiring board 56 1s soldered to the drain electrode 10 of the
leadless type semiconductor package 44, using a suitable
solder paste, such as a silver paste.

The aforesaid third mounting-arrangement 1s also advan-
tageous 1n that the mounting of the leadless type semicon-
ductor package 44 on the first tray-like wiring board 354 can
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be achieved, using a conventional face-down mounting
process. Also, according to the third mounting-arrangement,
since the leadless type semiconductor package 44 1s
enclosed and sealed in the first and second tray-like wiring
boards 54 and 56, 1t 1s possible to eflectively protect the

leadless type semiconductor package 44 from external nega-
tive environmental influences.

With reterence to FIGS. 19, 20 and 21, a second embodi-

ment of the leadless type semiconductor package according,
to the present invention 1s 1llustrated.

As 1s apparent from FIGS. 20 and 21, in the second
embodiment, the leadless type semiconductor package
includes a rectangular metal plate-like mount 60, and first
and second semiconductor chips 62F and 62S securely
mounted on the plate-like mount 60. As best shown in FIG.
21, the plate-like mount 60 has a rectangular land portion L
provided along one side thereof, and may be formed of a
suitable metal maternial, such as copper, brass or the like. In
this second embodiment, the first semiconductor chip 62F 1s
formed as a vertical type power MOSFET device, which 1s

substantially 1dentical with the power MOSFET (12F, 12S5)
used in the aforesaid first embodiment, and the second

semiconductor chip 628 1s formed as a suitable diode device.

As best shown 1 FIG. 21, the first semiconductor chip
62F has a drain electrode layer D formed over on a bottom
surface thereof, and both source and gate electrode pads S
and G formed on a top surface of the first semiconductor
chip 62F. The drain electrode layer D and the electrode pads
S and G may be formed of a suitable metal material, such as
aluminum. For example, the drain electrode layers D1 and
D2 are soldered to the plate-like mount 60, using a suitable
solder paste, such as a silver paste. A metal bump B1, which
1s preferably formed of gold, 1s provided on and bonded to
cach of the electrode pads S and G by using either an
ultrasonic-pressure bonding method or a heat-pressure
bonding method. Note, each of the metal bumps B1 may be
replaced with a solder ball, 11 necessary.

The second semiconductor chip 62S has a cathode elec-
trode layer C provided on a bottom surface of thereof, and
an anode electrode pad A formed on a top surface of the
second semiconductor chip 62S. A metal bump B2, which 1s
preferably formed of gold, 1s provided on and bonded to the
anode electrode pad A by using either an ultrasonic-pressure
bonding method or a heat-pressure bonding method. Note, a
solder ball may be substituted for the metal bump B2, if
necessary. As 1s apparent from FIGS. 20 and 21, in this
second embodiment, the second semiconductor chip 62S 1s
flipped over such that the bump B2 1s bonded to the
plate-like mount 60 by using either an ultrasonic-pressure
bonding method or a heat-pressure bonding method.

As best shown 1 FIG. 21, respective rectangular flat
source and gate electrodes SE and GE, which are formed of
a suitable metal material, such as copper, brass or the like,
are provided on and bonded to the metal bumps B1 on the
source and gate electrode pads S and G of the first semi-
conductor chip 62F, by using either an ultrasonic-pressure
bonding method or a heat-pressure bonding method. The flat
source electrode SE has a rectangular land portion SL
provided at one corner thereot, and the flat gate electrode GE
has a rectangular land portion GL provided at one corner

thereot.

On the other hand, a rectangular flat cathode electrode
CE, which 1s formed of a suitable metal material, such as
copper, brass or the like, 1s provided on and soldered to the
cathode electrode layer C of the second semiconductor chip
625, using a suitable solder paste, such as a silver solder. The
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flat cathode electrode CE has a rectangular land portion
provided along a central part of a side thereof.

As shown 1n FIGS. 19 and 20, the leadless type semicon-
ductor package turther includes a molded resin enveloper 64
sealing and encapsulating the plate-like mount 60, the first
and second semiconductor chips 62F and 625, and the flat
clectrodes SE, GE and CE, such that the rectangular land
portion L 1s exposed on a bottom surface of the molded resin
enveloper 64, and the rectangular land portions SL, GL and
CL are exposed on a top surface of the molded resin
enveloper 64. The respective exposed land portions SL and
GL serve as an outer source electrode pad and an outer gate
clectrode pad for the first semiconductor chip 62F, and the
exposed land portion CL serves as an outer cathode elec-
trode pad for the second semiconductor chip 62S. Also, the
exposed land portion L serves as not only an drain electrode
pad for the first semiconductor chip 62F but also as an anode
clectrode pad for the second semiconductor chip 728S.

As 15 apparent from FIGS. 6 and 7, the flat electrodes SE,
GE and CE can be more compactly provided and arranged
above the first and second semiconductor chips 62F and 625
in comparison with the conventional leadless semiconductor
packages (FIGS. 1 to 4), and thus 1t 1s possible to consid-
erably reduce a thickness of the molded resin enveloper 64,
and therefore, an entire thickness of the leadless type semi-
conductor package according to the present invention can be
reduced.

With reference to FIG. 22, a wiring diagram of the second
embodiment of the leadless type of the semiconductor
package according to the present invention 1s symbolically
illustrated. Of course, 1n FIG. 22, the respective symbols

corresponding to the elements shown 1n FIG. 20 are 1ndi-
cated by the same references 60, 62F, 62S, 64, A, D, G, CL,

GL and SL.

Similar to the aforesaid first embodiment of the leadless
type semiconductor package, the second embodiment of the
leadless type semiconductor package may be associated with
at least one rigid or tlexible wiring board, as explained with
reference to FIGS. 16 and 17. Further, the second embodi-
ment of the leadless type semiconductor package may be
associated with two tray-like wiring boards, as explained
with reference to FIG. 18.

FIG. 23 shows a first metal frame, generally indicated by
reference 66F, which 1s used 1n a second embodiment of a
production process for manufacturing a plurality of leadless
type semiconductor packages (FIGS. 19 to 21) according to
the present invention.

The first metal frame 66F 1s formed of a suitable metal
material, such as copper, brass or the like, and includes a
plurality of rectangular metal plate-like mounts 60 which are
integrally joined to each other by tie bar elements 68F.

In order to produce the first metal frame 66F, first, as
shown 1n FI1G. 24, an intermediate product 66F' 1s prepared.
The intermediate product 66F' may be punched and pro-
duced from a copper or brass plate blank by using a
punching machine, and includes a plurality of rectangular
plate-like sections 60' which correspond to the plate-like
mounts 60, and which are integrally joined to each other by
tie bar elements 68F' Respective parts of the rectangular
plate-like sections 60' corresponding to the rectangular land
portions L are masked, using a photolithography process, as
represented by cross-hatching areas in FIG. 24, and then the
intermediate product 66F" 1s subjected to an etching process,
so that the masked parts are left as the rectangular land
portion L on the rectangular plate-like sections 60, respec-
tively, resulting in the completion the production of the
second metal frame 66F as shown 1n FIG. 23.
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FIG. 25 shows a second metal frame, generally indicated
by reference 66S, which 1s used 1n the second embodiment
of the production process for manufacturing the plurality of
leadless type semiconductor packages (FIGS. 19 to 21)
according to the present invention.

The second metal frame 66S 1s also formed of a suitable
metal matenial, such as copper, brass or the like, and includes
plural sets of three rectangular flat electrodes SE, GE and CE
which are itegrally joined to each other by tie bar elements
68S, and the respective flat electrodes SE, GE and CE 1n
cach set have rectangular land portions SL, GL and CL.

In order to produce the second metal frame 66S, first, as
shown 1 FIG. 26, an intermediate product 66S' 1s prepared.
The mtermediate product 66S' may be punched and pro-
duced from a copper or brass plate blank by using a
punching machine, and includes plural sets of three rectan-
gular flat sections SE', GE' and CE', which correspond to the
respective rectangular flat electrodes SE, GE and CE, and
which are itegrally joined to each other by tie bar elements
685' Respective parts of the rectangular flat sections SE',
GE' and CFE', corresponding to the rectangular land portions
SL, GL and CL, are masked, using a photohthography
process, as represented by cross-hatching areas in FIG. 26,
and then the mtermediate product 66S' 1s subjected to an
etching process, so that the masked parts are left as the
rectangular land portions SL, GL and CL on the rectangular
flat sections SE' GE' and CE', respectively, resulting in the

completion the production of the second metal frame 66S as
shown 1n FIG. 25.

Next, with reference to FIGS. 27A to 27G, a second

embodiment of the production process for manufacturing a
plurality of leadless type semiconductor packages (FIGS. 19
to 21) according to the present invention 1s 1llustrated.

First, as shown 1n FIG. 27A, a first metal frame 66F (FIG.
23) 1s prepared, and a plurality of first semiconductor chips
62F are mounted on the respective rectangular metal plate-
like mounts 60 included in the first metal {frame 66F, such
that the drain electrode layer D1 of each first semiconductor
chip 62F 1s soldered to a corresponding plate-like mount 60,
using a suitable solder paste, such as a silver paste.

Then, as shown 1n FIG. 27B, a second metal frame 66S
(FIG. 25) 1s prepared, and a plurality of second semicon-
ductor chips 62S are mounted on the respective rectangular
flat cathode electrodes CE included in the second metal
frame 66S, such that the cathode electrode layer C of each
of the second semiconductor chips 62S 1s soldered to a
corresponding flat cathode electrode CE, using a suitable
solder paste, such as a silver paste.

Subsequently, the second metal frame 66S carrying the
second semiconductor chips 66S 1s applied to the first metal
frame 66F on which the first semiconductor chips 62F are
mounted, such that the respective metal bumps B1 of each
of the first semiconductor chips 62F are bonded to the flat
source and gate electrodes SE and GE 1n a corresponding
set, and such that the metal bump 2 of each of the second
semiconductor chips 62S 1s bonded to a corresponding
plate-like mount 60, as shown 1n FIG. 27C.

Thereatfter, the intermediate product shown 1n FIG. 27C 1s
received 1n a molding cavity defined by a pair of upper and
lower mold dies 70U and 70L, as shown 1n FIG. 27D. Then,
a suitable uncured resin material, such as epoxy, 1s 1ntro-
duced into the molding cavity defined by the upper and
lower mold dies 70U and 70L, as shown in FIG. 24E, to
thereby form a molded resin enveloper 64' sealing and
encapsulating the plurality of rectangular plate-like mounts
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60, the plural sets of first and second semiconductor chips
62F and 62S, and the plural sets of flat electrodes SE, GE

and CE.

After the molded resin enveloper 64' 1s completely cured,
the molded resin enveloper 64' 1s taken out of the upper and
lower mold dies 70U and 701, as shown 1n FIG. 27F. As 1s
apparent irom this drawing, the molding of the enveloper 64'
1s carried out so that the rectangular land portions SL, GL
and CL of the flat electrodes SE, GE and CE are exposed on
a top surface of the molded resin enveloper 14', and such that
the land portions L of the plate-like mounts 60 are exposed
on a bottom surface of the molded resin enveloper 64'.

Thereafter, as shown in FIG. 27G, the molded resin
enveloper 64' 1s cut and divided into a plurality of leadless
type semiconductor packages, each of the packages includ-
ing the plate-like mount 60, the first and second semicon-
ductor chips 62F and 62S on the plate-like mount 60, the
molded resin enveloper 14 sealing and encapsulating the
first and second semiconductor chips 62F and 62S and the
flat electrodes SE, GE and CE associated therewith, as
shown 1n FIGS. 19 to 21.

In the above-mentioned first and second embodiment of

the leadless type semiconductor packages, although a metal
bump (B1, B2) 1s bonded to an electrode pad (51, G1, S2,

(G2, S, G, A) formed on a semiconductor chip (12F, 125, 62F,
62S), it may be previously bonded to either a flat electrode
(SE1, GFE1, SE2, GE2, SE, GE) or a plate-like mount (60).
Further, although it 1s preferable to establish an electrical
connection between the electrode pad (S1, G1, S2, G2, S, G,
A) and etther the flat electrode (SE1, GE1, SE2, GE2, SE,
GE) or the plate-like mount (60), using the metal bump or
solder ball, the electrical connection therebetween may be
established with another conductive element or material as
long as a thickness of the semiconductor chip (12F, 125,
62F, 625) 1s not extremely increased.

Also, 1n the first and second embodiments of the leadless
type semiconductor package, although a mold resin
enveloper (14, 64) encapsulates two semiconductor chips
(12F, 12S; 62F, 62s), only one semiconductor chip may be
included 1n the mold resin enveloper (14, 64). Also, the more
than two semiconductor chips may be included in the mold
resin enveloper (14, 64).

Finally, 1t will be understood by those skilled 1n the art
that the foregoing description 1s of preferred embodiments
of the package, and that various changes and modifications
may be made to the present invention without departing
from the spirit and scope thereof.

The mvention claimed 1s:
1. A leadless type semiconductor package comprising:
a support mount;

at least one semiconductor chip mounted on said support
mount such that a bottom surface of said at least one
semiconductor chip 1s secured to said support mount,
said at least one semiconductor chip having at least a
first electrode pad and a second electrode pad formed
on a top surface thereot, said top surface opposite said

bottom surface;

least a first flat electrode electrically connected to said

first electrode pad and a second flat electrode electr-
cally connected to said second electrode pad; and

a molded resin enveloper that encapsulates said at least
one semiconductor chip, and that partially seals and
encapsulates at least said first flat electrode such that a
part of said first flat electrode 1s exposed as an outer
clectrode pad on a top surface of said molded resin
enveloper, the exposed top surface of said part of said

at
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first tlat electrode being coplanar with the top surface of
said molded resin enveloper.

2. The leadless type semiconductor package as set forth in
claim 1, wherein at least said first flat electrode 1s formed
with a land portion, which 1s exposed as the outer electrode
pad on the top surface of said molded resin enveloper.

3. The leadless type semiconductor package as set forth in
claam 2, wherein said first flat electrode 1s produced by
etching a flat electrode blank, having substantially the same
configuration as said first flat electrode, such that said land
portion 1s left on said first tlat electrode blank.

4. The leadless type semiconductor package as set forth in
claim 1, wherein said support mount 1s formed of a con-
ductive material, and said at least one semiconductor chip
has an electrode layer formed on the bottom surface thereotf,
with said electrode layer being electrically connected to said
support mount.

5. The leadless type semiconductor package as set forth in
claam 1, wherein said support mount 1s at least partially
exposed from said molded resin enveloper to thereby pro-
vide an outer electrode surface.

6. The leadless type semiconductor package as set forth 1n
claim 1, wherein said support mount 1s formed with a land
portion, which 1s exposed on the bottom surface of said
molded resin enveloper to thereby provide an outer electrode
surface.

7. The leadless type semiconductor package as set forth in
claim 6, wherein said support mount 1s produced by etching
a support mount blank, having substantially the same con-
figuration as said support mount, such that said land portion
1s leit on said support mount blank.

8. The leadless type semiconductor package as set forth in
claam 1, wherein said at least one semiconductor chip 1is
formed as a vertical type power metal oxide semiconductor
field effect transistor device, said electrode layer being
defined as a drain electrode, said respective first and second
flat electrodes being defined as a source electrode and a gate
clectrode.

9. The leadless type semiconductor package as set forth in
claim 1, wherein said at least one semiconductor chip
comprises a first semiconductor chip, and a second semi-
conductor chip, which are substantially to one another and
cach sealed and encapsulated 1n said molded resin enveloper
in substantially the same manner.

10. The leadless type semiconductor package as set forth
in claim 1, wherein said at least one semiconductor chip
comprises a lirst semiconductor chip, and a second semi-
conductor chip, which 1s diflerent from said first semicon-
ductor chip, said first and second semiconductor chips being
sealed and encapsulated 1n said molded resin enveloper, said
second semiconductor chip having at least one electrode
layer formed thereon, and a flat electrode electrically con-
nected to said electrode layer, a part of which 1s exposed as
an outer electrode pad from said molded resin enveloper.

11. A leadless type semiconductor package comprising:

a support mount;

a first semiconductor chip having a bottom surface, a
bottom electrode formed on said bottom surface, a top
surface opposite to said bottom surface, and an elec-
trode pad formed on said top surface, said first semi-
conductor chip being mounted on said support mount
so that said bottom electrode 1s electrically connected
to said support mount;

a first flat electrode electrically connected to said elec-
trode pad of said first semiconductor chip;

a second semiconductor chip having a bottom surface, a
bottom electrode formed on said bottom surface, a top
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surface opposite to said bottom surface, and an elec-
trode pad formed on said top surface, said second
semiconductor chip being mounted on said support
mount so that said bottom electrode thereof 1s electri-
cally connected to said support mount;

a second flat electrode electrically connected to the elec-
trode pad of said second semiconductor chip; and

a molded resin enveloper having a bottom surface, a top
surface opposite to said bottom surface, and side sur-
faces extending between said bottom surface and said
top suriace,

said molded resin enveloper sealing said first semicon-
ductor chip and said electrode pad of said first semi-
conductor chip, and partially sealing said support
mount and said first flat electrode, so that a part of said
first flat electrode 1s exposed on the top surface of said
molded resin enveloper, the exposed top surface of said
part of said flat electrode being coplanar with the top
surface of said molded resin enveloper, and

said molded resin enveloper sealing said second semicon-
ductor chip, and partially sealing said second flat elec-
trode, so that a part of said second flat electrode 1s
exposed on the top surface of said molded resin
enveloper and 1s coplanar with said top surface of said
molded resin enveloper.

12. The leadless type semiconductor package as set forth
in claim 11, wherein said electrode pad of said first semi-
conductor chip 1s defined as a first electrode pad, said first
semiconductor chip having a second electrode pad formed
on the top surface thereof, and wherein said flat electrode 1s
defined as a first flat electrode, further comprising:

a second flat electrode electrically connected to said
second electrode pad, said second flat electrode being
partially sealed, in said molded resin enveloper so that
a part of said second flat electrode 1s exposed on the top
surface of said molded resin enveloper and 1s coplanar
with said top surface of said molded resin enveloper.

13. The leadless type semiconductor package as set forth
in claim 11, wherein the electrode pad of said first semi-
conductor chip 1s defined as a first electrode pad, said first
semiconductor chip having a second electrode pad formed
on the top surface thereof, and wherein the electrode pad of
said second semiconductor chip 1s defined as a first electrode
pad, said second semiconductor chip having a second elec-
trode pad formed an the top surface thereof, further com-
prising:

a third flat electrode electrically connected to the second
clectrode pad of said first semiconductor chip, said
third flat electrode being partially sealed in said molded
resin enveloper so that a part of said third flat electrode
1s exposed on the top surface of said molded resin
enveloper and 1s coplanar with said top surface of said
molded resin enveloper; and

a fourth tlat electrode electrically connected to the second
clectrode pad of said second semiconductor chip, said
fourth tlat electrode being partially sealed in said
molded resin enveloper so that a part of said fourth flat
clectrode 1s exposed on the top surface of said molded
resin enveloper and 1s coplanar with said top surface of
said molded resin enveloper.

14. The leadless type semiconductor package as set forth
in claim 13, wherein said first semiconductor chip 1s defined
as a {irst vertical type power metal oxide semiconductor field
ellect transistor, the first and second electrode pads of said
first semiconductor chip serving as a source electrode and a
gate electrode, respectively, and wherein said second semi-
conductor chip 1s defined as a second vertical type power
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metal oxide semiconductor field eflect transistor, the first
and second electrode pads of said second semiconductor
chip serving as a source electrode and a gate electrode,
respectively.

15. The leadless type semiconductor package as set forth
in claim 14, wherein the electrical connection between said
third flat electrode and the gate electrode of said first
semiconductor chip i1s established without using a bonding
wire, and wherein the electrical connection between said
fourth and the gate electrode of said second semiconductor
chip 1s established without using a bonding wire.

16. The leadless type semiconductor package as set forth
in claim 14, wherein said first, second, third and fourth flat

22

clectrode are completely sealed in said molded resin
enveloper at the side surface thereof.

17. The leadless type semiconductor package as set forth
in claim 11, wherein a part of said support mount 1s exposed
on the bottom surface of said molded resin enveloper.

18. The leadless type semiconductor package as set forth
in claim 11, wherein a peripheral edge faces of said support
mount are coplanar with the side surface of said molded

1o resin enveloper.
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